BACKGROUND: Pay-for-performance programs could worsen health disparities if providers who care for disadvantaged patients face systematic barriers to providing high-quality care. Risk Medicare claims data and the association between quality and the sociodemographic composition of physicians' patient panels. KEY RESULTS: Across eight quality measures, physicians' quality of care was not consistently associated with the composition of their patient panel either in a single year or between time periods. For example, a substantial number (seven) of the eighteen significant associations seen between sociodemographic characteristics and the delivery of preventive services in the first time period were no longer seen in the second time period. Among sociodemographic characteristics, panel Medicaid eligibility was most consistently associated with differences in the delivery of preventive services between time points; among preventive services, the delivery of influenza vaccine was most likely to demonstrate disparities in both time points. CONCLUSIONS: In a Medicare pay-for-performance program, a better understanding of the effect of effect of patient panel composition on physicians' quality of care may be necessary before implementing routine statistical adjustment, since the association of quality and sociodemographic composition is small and inconsistent. In addition, we observed improvements between time periods among physicians with varying panel composition.
INTRODUCTION
Physicians and policymakers have raised concerns that payfor-performance programs could exacerbate health disparities. 1 This concern stems from two observations. Research demonstrates that the care of poor or minority patients tends to be clustered among specific subsets of physicians, and that these patients on average receive lower quality care. 2, 3 If performance bonuses accrue disproportionately to physicians with higher quality scores on average, and these physicians are less likely to provide care to vulnerable populations, this could create a disparity of resources that will further widen the gap between physicians who care for many disadvantaged patients and their peers. Over the longer term, resource and bonus differences may also discourage physicians from caring for disadvantaged populations. 4 Some evidence suggests that selected hospitals serving a disproportionate share of poor patients are able to improve care under a pay-for-performance system, but the same has not been shown for physician practices. 5 One possible solution to this potential problem is to adjust performance measures and bonuses for the sociodemographic characteristics of a physician's patient panel. 1 Such adjustment for sociodemographic characteristics could "level the playing field" for physicians who disproportionately care for poor or minority patients, particularly because prior research suggests that some sociodemographic factors do also predict the level of practice resources. 6, 7 The approach would be particularly appropriate if limited resources are a sizable impediment to delivering high quality care to vulnerable populations. Under such a scenario, physicians who lack sufficient staff support, equipment, or ability to access specialists or diagnostic testing may need to work harder to meet their patients' needs, which are also, on average, greater. If they are resource dependent, receiving fewer bonus payments would cause them to fall further behind in their performance. The proposal to adjust performance bonuses for patient sociodemographics relies on two important assumptions: that the sociodemographics of the physicians' patient panel is a reliable predictor of lack of practice resources, and that it is also a reliable marker of poor performance. If these related assumptions are incorrect, and instead patient panel sociodemographics do not reliably predict physician performance, adjusting for patient panel sociodemographics could spuriously reward a lower standard of care for poor and minority patients, which would paradoxically undermine the objective of reducing health disparities. Recent studies have suggested that the observed link between sociodemographic characteristics of patients and care quality has attenuated over time. [8] [9] [10] But some of these studies were conducted on insured populations in managed care plans, and others relied on older data. In order to inform policies in payfor-performance approaches to equitably address health disparities, we used recent Medicare data to test the hypothesis that patient sociodemographics reliably predict providers' performance as measured by their delivery of preventive services.
METHODS

Overview of Study Design
We identified a nationally representative sample of primary care physicians based on the Community Tracking Study (CTS) Physician Survey administered in 2000-2001 and 2004-2005 . The two rounds of the CTS survey served as the basis for two time points of evaluation, which will be abbreviated as Round 1 and Round 2. For each round, primary care physicians' rates of delivery of preventive services to their patients who are covered by fee-for-service Medicare was evaluated by an analysis of Medicare claims (in 2000 for the Round 1 and in 2006 for the Round 2). We divided physicians into quartiles based on census tract geocoding of characteristics of their Medicare patients including the median household income, levels of educational attainment, the proportion of their Medicare patients who were also Medicaid-eligible, and the proportion of their patients who were black. Because two of the patient panel characteristics (household income and educational attainment) were obtained from the decennial census which was only conducted in 2000, complete patient panel data is only available for Round 1. For two of the sociodemographic measures we evaluated (educational attainment and household income), populations in the highest quartile were expected to be the least disadvantaged sociodemographically, while for the other two sociodemographic variables (proportion of patients who were black and proportion of patients who were Medicaid-eligible) the highest quartile were expected to be the most disadvantaged sociodemographically. For the purpose of consistency, data in each panel of Figure 1 , which shows a graphic representation of provider performance by quartile, is arranged in order from most disadvantaged to least disadvantaged. We compared rates of delivery for each preventive service among physicians whose patients were more likely to be sociodemographically disadvantaged or black, versus for other physicians, in each round. 
Sources of Data
Beneficiary and Community Characteristics
Beneficiary characteristics were ascertained from Medicare files and included age as a continuous variable, sex, race/ ethnicity (white, black, other; see Discussion section for a discussion of the reason for this categorization scheme), Medicaid dual-eligibility, and comorbidity based on the index described by Klabunde et al. 12 Community variables were derived from U.S. Bureau of the Census data in the Area Resources File, and included median household income of residents aged 65 years and older in the beneficiary's zip code (from the 2001 Census); percentage of adults aged 25 years and older in the beneficiary's county who completed 12 or more years of schooling; and (in the model for delivery of screening mammography) the number of radiologists per 1,000 capita in the county. The four primary sociodemographic variables of interest were race, Medicaid eligibility, and local household income and educational attainment.
Physician and Practice Characteristics. The same physicians responded to our survey in both rounds (although their patient panel may have changed from one round to the next). After determining that there was little difference between the 2000 and 2004 survey on the variables of interest, we characterized physicians by their self-report of the following characteristics in the earlier round of the survey (1) training, qualifications and number of years in practice; (2) practice setting and location; and (3) practice resources and incentives. Training and qualifications included physician self-reported primary specialty (general internal medicine or family practice/general practice); board certification in the primary specialty; and whether medical school education was completed in the United States and Canada, rather than in another country. Practice setting variables included practice type/size and location (urbanicity and census region). Practice resources and incentives included availability of electronic information systems to exchange clinical information, provide automated reminders for preventive services to clinicians, access treatment guidelines, or any combination of the three, as well as exposure to payment incentives for maintaining high patient satisfaction, meeting quality standards, or based on the results of profiling, or for any combination of the three. Also included was a measure of physicians' agreement with the statement that standardized guidelines affect their practice.
Quality Measures of Preventive Service Delivery
We evaluated beneficiaries' Medicare claims to determine eligibility for, and receipt of, eight recommended preventive services: diabetic monitoring (hemoglobin A1c testing, eye examinations, cholesterol testing and urine protein analysis), cancer screening (screening colonoscopy/sigmoidoscopy and mammography), and vaccinations (influenza and pneumococcal) during 2000 and again in 2006. These are all measures endorsed by the National Quality Forum or the Ambulatory Quality Alliance. 13 Relevant claims codes and algorithms are included as Table 4 in the Appendix.
Statistical Analysis
The individual physician was the unit of analysis. We characterized each physician and his or her practice using data from the Physician Survey and calculated overall quality indicators (delivery of preventive services) to their attributed, eligible beneficiaries in 2000 and 2006. We calculated the rate at which individual physicians delivered each preventive service to eligible beneficiaries. We then grouped physicians into quartiles based on each sociodemographic element (community income, community level of education, patient panel Medicaid eligibility, and patient panel racial composition). We compared the performance of groups of physicians with different patient panel sociodemographic characteristics to one another, and between time periods. To test the statistical significance of the difference between different physician group quartiles on the delivery of recommended preventive services, we used the ANOVA test. This study was approved by the institutional review contractor for Mathematica Inc., the parent organization of the Center for Studying Health System Change.
Role of the Funding Source
This study was funded by the Robert Wood Johnson Foundation and the National Institutes of Health. Neither organization played any role in the design, conduct or reporting of this study. Table 1 describes the characteristics of physicians, practices and beneficiaries represented in the study population. Fewer than one in ten beneficiaries were black, and fewer than one in five were Medicaid-eligible. In both rounds of the survey most physicians worked in smaller practices; most were not exposed to performance incentives of any kind, and many did not have access to an electronic medical record. Table 2 
RESULTS
Population Characteristics and Baseline Rates of Preventive Services Delivery
Relation Between Sociodemographic Factors and Delivery of Preventive Services
In 2000 we found a relationship between sociodemographic characteristics of physicians' patient panels and preventive services delivery. For example, there appears to be a clear relationship between the community level of education and the percentage of that physician's patients who received the influenza vaccine (Fig. 1) . Some of these relations were statistically significant, including that between Medicaid eligibility and all of the preventive measures other than cholesterol screening (Table 3 ). In 2006, there were fewer apparent or statistically significant relationships between patient panel make-up and rates of delivery for any of the services. Table 3 shows how delivery of preventive services was associated with each sociodemographic factor. We observed variation for each preventive service. These variations were present with some sociodemographic characteristics but not others. Among individual preventive service measures, delivery of influenza vaccine was associated with all four sociodemographic characteristics in both rounds. Measurement of hemoglobin A1c and mammography were associated with three out of four characteristics in Round 1, and two out of four in Round 1. At the other end of the spectrum, delivery of pneumococcal vaccine was associated with two sociodemographic factors in the first round, and none in the second. Overall, associations between sociodemographic factors and the delivery of preventive services did not appear to follow predictable patterns either at a single point in time or between time periods. With the exception of influenza vaccination, no preventive service was associated with every sociodemographic variable, and no sociodemographic variable was associated with every preventive service. While the majority of associations seen in the first round were present in the second round, a substantial number (seven out of 18) were no longer present. If the delivery of influenza vaccine, which appears to show an unusually strong association with sociodemographic factors, were removed from the analysis, more associations would be present in only one of the two time periods (7) than in both of them (6).
DISCUSSION
Pay-for-performance models could widen disparities in the quality of care if they systematically penalize physicians who care for disadvantaged populations. 14 Adjustment for the sociodemographic characteristics of a physician's patients could ameliorate this concern, but may have the unintended consequence of rewarding substandard care if sociodemographic factors are not consistently associated with physician performance. 15 We examined rates of delivery of preventive services using common quality metrics for a large population of primary care physicians and found that associations between patient sociodemographics and performance were both inconsistent across different measures and unstable between time periods.
Specifically, of the four sociodemographic characteristics we evaluated, two (patient residential area-level household income and panel Medicaid eligibility) were more likely to be significantly associated with provider performance, but even these associations did not appear consistent across measures or between time periods. Patient-panel Medicaid eligibility is associated in our sample with the most disparities in care, and these disparities were most likely to persist. The racial A general pattern appeared to be present, with many of the associations seen in the first round of measurement no longer present in the second round of measurement. Our results mirror those of other research demonstrating inconsistent associations between sociodemographics and patient ratings of care. Influenza vaccine is a notable exception to our findings. Unlike the other preventive measures examined, the delivery of influenza vaccine was associated with significant disparities in care across all sociodemographic measures and in both study periods. This is particularly remarkable given that, unlike some of the other preventive measures we studied, influenza vaccine is indicated for all Medicare beneficiaries. Previous studies have identified potential sources of disparities in the delivery of influenza vaccine, including access to care, patient preferences or concerns about vaccines, and patient initiation of a visit specifically for vaccination. 16 Interestingly, delivery of pneumococcal vaccine, which is also indicated for all Medicare beneficiaries and presumably is influenced by similar barriers, was associated with only two associations in the first study period and none in the second study period, although the overall rate of service delivery was much lower. This further illustrates the challenge of predicting the relationship between sociodemographic factors and quality of care. Among sociodemographic factors, the proportion of a provider's patient panel that is Medicaid-eligible was most consistently associated with disparities in the provision of recommended preventive services. This may reflect that Medicaid-eligible patients have been found to have lower quality of care in other studies; they are also more likely to report poor health, which may increase the number of problems providers must address at each appointment and make it less likely that routine preventive services can be administered. 17, 18 However, it may also be related to some other aspect of the way Medicaid services are administered or reimbursed. In anticipation of possible expansions of Medicaid programs nationwide, the delivery of preventive care to Medicaid recipients may merit further study. A number of providers in our sample were exposed to a variety of payment incentives for performance during the study period. Some of these incentives were linked to physician behaviors that would likely have influenced our results (for example, incentives for meeting quality targets) while others reflected physician behaviors that would be less likely to do so (for example, incentives for maintaining high levels of patient satisfaction). Adjusting for exposure to these incentives did not significantly affect the presence or absence of associations between providers' patient panel sociodemographics and their delivery of recommended preventive measures. It is still possible that the providers who are currently unexposed to incentives would, in fact, change their behavior significantly under a Medicare pay for performance program in ways related to their patients' sociodemographic status. However, studies in the United Kingdom evaluating the impact of national payfor-performance programs have shown a limited or inconsistent effect on disparities.
19,20
Limitations
Our results should be interpreted within the context of our study's limitations. We considered only Medicare beneficiaries, whose health disparities may be attenuated compared with other age groups since they are all eligible for some level of health insurance coverage. We considered only measures of preventive care; sociodemographic disparities in the delivery of more resource-intensive services, such as recommended diagnostic testing or treatment may exhibit more consistency and stability. Although our analytic sample was drawn from a nationally representative survey respondent pool, only physicians who treated the required minimum number of eligible patients and participated in both rounds of the CTS survey were examined. Thus, our results may not generalize to the broader population of physicians. An optimal analysis of health disparities related to race and ethnicity would include multiple categories for race and ethnicity, reflecting the true diversity of the US population. Unfortunately, the ways in which race and ethnicity have historically been collected and categorized for Medicare claims data have led to researcher concerns that these data are not accurate for categories other than white and black. 21 Forexample, physicians with higher-and lower-income patient panels performed significantlydifferently in their provision of influenza vaccine in both rounds; in the provision ofpneumococcal vaccine, however, significant differences were seen in the first round but not thesecond. In the provision of eye examinations to diabetics, no statistically significant differenceswere seen at either time point.
ple). 22 Because of concerns that claims data would not accurately capture other categories, race and ethnicity are combined in our analysis and categorized as White, Black and Other. Some markers of patient sociodemographic status were drawn from outside sources such as the US Census and measured at the level of the area rather than the individual. However, previous research suggests that area-level sociodemographic variables are valid predictors of individual health status. 23, 24 Some services, such as influenza vaccination, may be delivered outside of physicians' offices (e.g., by free vaccination vans), which may bias our results toward stronger associations between sociodemographics and service delivery as disadvantaged populations may be more reliant on these alternative sites of care. Lastly, a minority (19%) of the physicians in our sample were exposed to performance incentives during our initial study period, which makes it difficult to determine what would have happened in the absence of such incentives. However, we adjusted for exposure to incentives, and our findings were robust when we repeated our analyses excluding these physicians (data not shown).
We chose not to adjust for patients' underlying health status, except to ensure that delivery of preventive services was measured only for the appropriate patients. For example, in measuring providers' measurement of Hemoglobin A1c, we only considered patients who were known to have diabetes, but did not distinguish among diabetics who do and do not have comorbidities such as hypertension. While adjusting for patients' comorbid illness is standard in many studies, we did not feel it was relevant to our research questions since none of these comorbidities would affect providers' obligation to perform recommended services. Despite these limitations, our study provides important insights into the potentially complex interplay between performance-based incentive programs and health disparities. Our study raises concerns about the strategy of adjusting performance based on patient panel sociodemographics to mitigate the potential risk that pay-forperformance would worsen disparities. This could occur if adjustment for these factors had the unintended consequence of legitimizing differences in quality of care that many lowperforming physicians can (and should) change, and thus lowering the average quality of care received by poor and minority patients. Unnecessary adjustment could let those who care for underserved populations perform at a lower level and still receive the same performance bonuses as other physicians who treat less disadvantaged patients but have higher levels of performance before adjustment. Our study also highlights the complexity of specifying an adjustment model. In our data, adjusters selected based on year 2000 data would not be relevant a few years later as the predictors of performance and the measures they are associated with shifted considerably. Given the inconsistency of the relationships between patient panel sociodemographics and the quality of care delivered by individual physicians, adjusting performance scores for patient panel sociodemographics may not be routinely useful in a Medicare pay-for-performance program.
